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(57) ABSTRACT 

A surface inspection apparatus of the present invention 
includes an irradiation optical unit having a multibeam 
irradiation optical unit for converging and irradiating mul 
tiple beams upon a surface of an object to be inspected; a 
detector Which has a light-condensing optical unit including 
light-sensitive elements for respectively receiving the mul 
tiple beams re?ected by the surface of the inspecting object; 
and a processor Which obtains a plane-coordinate-position of 
a position to be irradiated and detected at a reference height 
position based on a difference betWeen light-receiving ref 
erence positions of each of the light-sensitive elements When 
assumed that the irradiated and detected position of the 
inspecting object is at the reference height position and 
actual light-receiving positions of each of the light-sensitive 
elements, according to a result of analysis and process of 
surface state information. 
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SURFACE INSPECTION APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an improvement in 
a surface inspection apparatus for detecting a state of a 
surface of an object to be inspected. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, there has been knoWn a surface inspec 
tion apparatus con?gured to detect a position of a foreign 
substance or a ?aW or the like eXisting on a surface of an 
object to be inspected in a height-direction of the inspecting 
object, so as to detect the position of the foreign substance 
or the ?aW or the like existing on the surface of the 
inspecting object accurately even When there is a Warpage in 
the inspecting object (for reference, see JP-A 11-153549). 

[0005] As shoWn in FIG. 1 for example, such a surface 
inspection apparatus is provided With an irradiation optical 
unit 3 for irradiating irradiation light P1 emitted from an 
irradiation light source 1 onto a Wafer 2 as the inspecting 
object, a light-receiving optical unit 5 having a light-sensi 
tive element 4 for receiving scattered light P2 of the irra 
diation light P1 irradiated from the irradiation optical unit 3 
that is scattered by the foreign substance or the ?aW or the 
like eXisting on a surface S of the Wafer 2 and converting the 
received scattered light P2 into photoelectric conversion 
signals, and a light-receiving optical unit 7 having a light 
sensitive element 6 for receiving specular re?ection light P3 
of the irradiation light P1 irradiated from the irradiation 
optical unit 3 that is specular-re?ected from the surface S of 
the Wafer 2 and converting the received specular re?ection 
light P3 into photoelectric conversion signals. 

[0006] The Wafer 2 is displaced relative to the irradiation 
optical unit 3 and the light-receiving optical units 5 and 7 by 
using a rotational driving mechanism 8 and a linear move 
ment mechanism 9 Which are as relative displacement 
means. The rotational driving mechanism 8 and the linear 
movement mechanism 9 have a driving motor, respectively. 

[0007] As shoWn in FIG. 2, according to such a surface 
inspection apparatus, When representing a surface of the 
Wafer 2 located on a reference height Z1 by a symbol S and 
representing a surface of the Wafer 2 in Which a height is 
deviated by AZ in a height-direction (Z-direction) relative to 
the reference height Z1 by a symbol S‘, and assuming that 
the specular re?ection light P3 from a detecting position 
(irradiated detecting position) y1 at the time When a foreign 
substance (?aW) 10 is located on the surface S enters a 
light-receiving reference position Q0 of the light-sensitive 
element 6, a light-receiving position of the light-sensitive 
element 6 to Which specular re?ection light P3‘ from the 
surface S‘ of the Wafer 2 enters Will be a position Q1 
deviated relative to the light-receiving reference position Q0 
by AS. Accordingly, since there is a certain relation betWeen 
the amount of deviation AS and the amount of deviation AZ, 
an amount of deviation Ay of a plane-coordinate-position y2 
at the time When the surface S is deviated from the reference 
height Z1 by the height AZ as shoWn by the symbol S‘, 
relative to a plane-coordinate-position y1 in a radial direc 
tion as the irradiated detecting position of the foreign 
substance (?aW) 10 at the time When the surface S is at the 
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position of the reference height Z1, is obtained by a folloW 
ing formula based on the amount of deviation AS and a 
re?ection angle 0: 

Ay=AS/tan 6 

[0008] or a formula: 

Ay=AZ/tan 6 

[0009] Therefore, the plane-coordinate-position y2 at the 
time When the irradiated detecting position is deviated 
relative to the reference height Z1 by the AZ is obtained by 
a folloWing formula: 

[0010] That is to say, it is possible to detect the foreign 
substance (?aW) 10 eXisting on the Wafer 2 accurately even 
When there is the Warpage in the Wafer 2, by correcting the 
plane-coordinate position in the y-direction. 

[0011] HoWever, as shoWn in FIG. 3, When the surface S 
of the Wafer 2 as the inspecting object is coarse, there is a 
possibility that the specular re?ection light P3 of the irra 
diation light P1 specular-re?ected from the surface S is 
de?ected and misaligned as shoWn by a symbol P5 relative 
to a direction P4 of the specular re?ection light P3 to Which 
the irradiation light P1 (i.e. specular re?ection light P3) 
should be re?ected if there is no irregularity R, due to a local 
gradient caused by the irregularity R of the surface S. 

[0012] Consequently, the conventional surface inspection 
apparatus has a problem that it is indistinguishable Whether 
or not the irradiated detecting position of the foreign sub 
stance (?aW) 10 on the Wafer 2 is deviated from the 
reference height position Z1. 

SUMMARY OF THE INVENTION 

[0013] Therefore, the present invention has been made in 
vieW of the above circumstances, and at least one objective 
of the present invention is to provide a surface inspection 
apparatus capable of distinguishing Whether or not an irra 
diated detecting position of an object to be inspected is 
deviated from a reference height, even When a surface of the 
inspecting object is coarse. 

[0014] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides a 
surface inspection apparatus. The surface inspection appa 
ratus comprises an optical system including an irradiation 
optical unit and a light-receiving optical unit; the irradiation 
optical unit is adapted for irradiating irradiation light emitted 
from a light source onto a surface of an object to be 
inspected and the light-receiving optical unit is adapted for 
receiving scattered light of the irradiation light re?ected 
from the surface of the object; a displacement mechanism 
for displacing a position to be irradiated and detected by the 
optical system on the surface of the object relative to the 
optical system; a recording unit for detecting a state of the 
surface of the object based on a result of light-receiving of 
the optical system and recording the irradiated and detected 
position on the surface of the object as a plane-coordinate 
position; a detector for detecting an amount of deviation of 
the plane-coordinate-position in a height direction relative to 
a reference height position; and a processor for correcting 
the plane-coordinate-position as the irradiated and detected 
position based on the deviation amount detected by the 
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detector and thereby obtaining the plane-coordinate-posi 
tion, Wherein the irradiation optical unit comprises a multi 
beam irradiation optical unit for converging and irradiating 
multiple beams of Which optical axes of irradiation are 
mutually parallel upon the surface of the object; the detector 
comprises a light-condensing optical unit including light 
sensitive elements Which have mutually parallel light-re 
ceiving axes and Which are adapted for respectively receiv 
ing the multiple beams re?ected by the surface of the object; 
and the processor analyZes information on the state of the 
surface based on the results of receiving of the multiple 
beams, and obtains the plane-coordinate-position of the 
irradiated and detected position at the reference height 
position based on a difference betWeen light-receiving ref 
erence positions of each of the light-sensitive elements When 
assumed that the irradiated and detected position of the 
object is at the reference height position and actual light 
receiving positions of each of the light-sensitive elements, 
according to a result of the analysis of the surface state 
information. 

[0015] FolloWing are preferred embodiments (1) to (5) of 
the surface inspection apparatus according to the present 
invention. Any combinations thereof are considered to be 
preferred ones of the present invention unless any contra 
dictions occur. 

[0016] (1) The displacement mechanism comprises a rota 
tional driving mechanism for rotating the object and a linear 
movement mechanism for linearly moving the object in a 
radial direction of the object, the irradiation optical axes are 
aligned in parallel in the radial direction of the object, and 
the light-receiving axes of the light-sensitive elements are 
aligned symmetrical to the irradiation optical axes in such a 
manner as to sandWich center of rotation of the object. 

[0017] (2) Each of the light-sensitive elements is struc 
tured by an area sensor. 

[0018] (3) The surface state information is information on 
coarse surface of the object or information on a surface 
distortion of the object. 

[0019] (4) The surface inspection apparatus further com 
prises a display, Wherein the processor displays a position at 
Which a foreign substance and/or ?aW is detected on the 
surface of the object on the display, based on the corrected 
plane-coordinate-position according to a result of correction. 

[0020] (5) The multiple beams including a plurality of 
spots each having a same diameter of approximately 10 to 20 
micrometers to each other are irradiated on the surface of the 
object in such a manner that neighboring spots of the 
plurality of spots are partially overlapped to each other, and 
length of alignment of the multiple beams from one end to 
the other end are approximately 100 micrometers or less. 

[0021] According to the surface inspection apparatus of 
the present invention, it is possible to distinguish Whether or 
not the irradiated detecting position for the foreign substance 
or the ?aW or the like existing on the surface of the 
inspecting object is deviated from the reference height even 
When the surface of the inspecting object is coarse and even 
if there is a distortion in the surface, and also, it is possible 
to detect the amount of deviation from the reference height 
position even When the surface of the inspecting object is 
coarse by removing an in?uence of such coarseness. There 
fore, even When the surface of the inspecting object is 

Dec. 8, 2005 

coarse, it is possible to remove the in?uence of the coarse 
ness of the surface, and to obtain the plane-coordinate 
position as the detecting position of the foreign substance 
(?aW) accurately by correcting the plane-coordinate posi 
tion. 

[0022] The disclosure of Japanese Patent Application No. 
2004-165671, ?led on Jun. 3, 2004, including speci?cation, 
draWings and claims is incorporated herein by reference in 
its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. 

[0024] FIG. 1 is an outline diagram brie?y shoWing a 
conventional surface inspection apparatus. 

[0025] FIG. 2 is an explanatory diagram shoWing one 
example of detecting a height of an object to be inspected by 
the conventional surface inspection apparatus. 

[0026] FIG. 3 is a diagram for explaining a problem of 
detecting the height of the inspecting object by the conven 
tional surface inspection apparatus. 

[0027] FIG. 4 is a diagram brie?y shoWing a surface 
inspection apparatus according to the present invention. 

[0028] FIG. 5 is a diagram for explaining a measurement 
principle of detection of a coarse surface of the inspecting 
object by the surface inspection apparatus according to the 
present invention. 

[0029] FIG. 6 is a diagram shoWing one example of spot 
images formed on light-sensitive elements according to the 
present invention. 

[0030] FIGS. 7A and 7B are explanatory diagrams shoW 
ing a relation among irradiation light, re?ection light, irra 
diated detecting positions, and the spot images formed on 
the light-sensitive elements at the time When the surface of 
the inspecting object is uniformly deviated by a predeter 
mined amount relative to a reference height position, 
Wherein FIG. 7A is a diagram schematically shoWing a 
relation among the irradiation light, re?ection light and the 
irradiated detecting positions When the surface of the 
inspecting object is uniformly deviated by the predetermined 
amount relative to the reference height position, and FIG. 
7B is a schematic diagram for comparing and explaining a 
relation betWeen the spot images formed on the light 
sensitive elements at the time When the surface of the 
inspecting object is uniformly deviated by the predetermined 
amount relative to the reference height position and the spot 
images formed on the light-sensitive elements at the time 
When the surface of the inspecting object is at the reference 
height position. 

[0031] FIGS. 8A and 8B are explanatory diagrams shoW 
ing a relation among the irradiation light, the re?ection light, 
the irradiated detecting positions, and the spot images 
formed on the light-sensitive elements at the time When the 
surface of the inspecting object is curved and the amount of 
deviation from the reference height position varies, Wherein 
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FIG. 8A is a diagram schematically showing a relation 
among the irradiation light, re?ection light and the irradiated 
detecting positions When the surface of the inspecting object 
is curved and the amount of deviation from the reference 
height position varies, and FIG. 8B is a schematic diagram 
for comparing and explaining a relation betWeen the spot 
images formed on the light-sensitive elements in each of the 
irradiated detecting positions and the spot images formed on 
the light-sensitive elements at the time When the surface of 
the inspecting object is at the reference height position. 

[0032] FIG. 9 is a block diagram of circuitry related to 
processing in the surface inspection apparatus according to 
the present invention. 

[0033] FIGS. 10A to 10C are diagrams for explaining 
another embodiment of the surface inspection apparatus 
according to the present invention, Wherein FIG. 10A is an 
explanatory diagram shoWing a state of irradiation of mul 
tiple beams onto the surface of a Wafer, FIG. 10B is an 
explanatory diagram of a case Where there is no Warpage in 
the Wafer but a distortion exists in the surface, and FIG. 10C 
is an explanatory diagram of a case Where there is the 
Warpage in the Wafer and the distortion also exists in the 
surface. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. The 
scope of the present invention, hoWever, is not limited to 
these embodiments. Within the scope of the present inven 
tion, any structure and material described beloW can be 
appropriately modi?ed. 

[0035] FIG. 4 is a diagram brie?y shoWing a surface 
inspection apparatus according to the present invention. As 
shoWn in FIG. 4, the surface inspection apparatus comprises 
a rotational driving mechanism 11 for rotating and driving a 
Wafer 2 as an object to be inspected (inspecting object), an 
irradiation optical unit 12, light-receiving optical units 13 
and 14, and a light-condensing optical unit 15. The Wafer 2 
is rotated and driven in an arroW M direction by the 
rotational driving mechanism 11 around a rotational axis 01, 
and is moved in an arroW y direction by a linear movement 
mechanism Which is not shoWn. A detecting position (irra 
diated detecting position, position to be irradiated and 
detected) irradiated by the irradiation optical unit 12 onto a 
surface S of the Wafer 2 is displaced relative to the optical 
systems 12, 13, 14 and 15 by relative displacement means 
(displacement mechanism) structured by the rotational driv 
ing mechanism 11 and the linear movement mechanism 

(illustration omitted). 
[0036] As shoWn in FIG. 5, the irradiation optical unit 12 
includes a plurality of light sources. According to an 
embodiment of the present invention, the irradiation optical 
unit 12 is generally structured by, for example, three laser 
light sources 12a to 12c, and converging lenses 12d to 12f 
for condensing and shaping laser beams generated from the 
laser light sources 12a to 12c. and converging those laser 
beams onto the surface S of the Wafer 2 located on a 
reference height position Z1 as irradiation lights P6 to P8. 
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The irradiation optical unit 12 functions as a multibeam 
irradiation optical unit for irradiating a multi-laser beam 
(multibeam, multiple beams) as the irradiation lights P6 to 
P8 toWard the irradiated detecting position of the surface S 
of the Wafer 2. 

[0037] According to an embodiment of the present inven 
tion, the light-receiving optical units 13 and 14 (see FIG. 4) 
are con?gured to receive a scattered light ?ux of the irra 
diation light emitted by the laser light source 12b for 
example among the laser light sources 12a to 12c, that is 
scattered due to a state of the surface S such as existence of 
a foreign substance or a ?aW. As shoWn in FIG. 9, the 
light-receiving optical units 13 and 14 have photoelectric 
conversion elements 13a and 14a, respectively. Since struc 
tures of the light-receiving optical units 13 and 14 are the 
same as those of the conventional light-receiving optical 
units, they are not explained in detail. 

[0038] According to an embodiment of the present inven 
tion, the light-condensing optical unit 15 is generally struc 
tured by condenser lenses 15a to 15c provided correspond 
ing to the number of the laser beams of the multi-laser beam, 
and light-sensitive elements 15d to 15f for detecting light 
?uxes of receiving-lights condensed by the condenser lenses 
15a to 15c. 

[0039] The light-condensing optical unit 15 condenses 
respective re?ection lights P6‘ to P8‘ of the irradiation lights 
P6 to P8 re?ected from the irradiated detecting position of 
the surface S of the Wafer 2. Each of the light-sensitive 
elements 15d to 15f is provided capable of receiving the 
re?ection lights P6‘ to P8‘, respectively. In one embodiment 
of the present invention, each of the light-sensitive elements 
15d to 15f is structured by an area sensor. 

[0040] Optical axes of irradiation (principle rays) of the 
laser light source 12a to 12c are arranged to be in parallel to 
each other. The irradiation optical axes are aligned in 
parallel in a radial direction of the Wafer 2. Optical axes of 
light-receiving (light-receiving axes) of the light-sensitive 
elements 15d to 15f are aligned symmetrical to the irradia 
tion optical axes in such a manner as to sandWich the center 
of the rotational axis O1. In FIG. 5, symbols O2 to Q4 
represent light-receiving reference positions in a case Where 
the surface S is ideally plane in terms of optics and also the 
surface S is at the reference height position Z1. 

[0041] The light-condensing optical unit 15 functions a 
part of height direction deviation amount detecting means 
(height direction deviation amount detector) for detecting an 
amount of deviation AZ relative to the reference height 
position Z1 of the surface S. 

[0042] When the surface S of the Wafer 2 is at the 
reference height position Z1 and the surface S is not coarse 
and is ideally smooth in terms of optics, the irradiation lights 
P6 to P8 traveling on the irradiation optical axes of the 
irradiation optical unit 12 are specular-re?ected from the 
surface S, and the re?ection lights P6‘ to P8‘ specular 
re?ected from the surface S of the irradiation lights P6 to P8 
are received on the light-receiving reference positions O2 to 
Q4 of the light-sensitive elements 15d to 15f in such a 
manner that the peak is generated on the light-receiving 
reference positions O2 to Q4. 

[0043] HoWever, When the surface S is coarse, or in other 
Words, When there is irregularity R on the surface S, the 
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irradiation lights P6 to P8 are in?uenced by such coarseness 
or the irregularity R, and hence, re?ection lights of the 
in?uenced irradiation lights are received for example on 
light-receiving positions Q2‘ to Q4‘ Which are rnisaligned 
from the light-receiving reference positions Q2 to Q4, in 
such a manner that the beak is generated on the light 
receiving positions Q2‘ to Q4‘. 

[0044] Accordingly, it is possible to discriminate Whether 
or not the irregularity R exists on the surface S, based on 
respective amounts of deviation AS1 to AS3 deviated from 
the light-receiving reference positions Q2 to Q4 of each of 
the light-sensitive elernents 15d to 15]”. 

[0045] Also, since the directions to Which the irradiation 
lights P6 to P8 (i.e. the rnulti-laser bearn) are re?ected 
change depending upon curving directions of the irregularity 
R, positions Where light-receiving spot irnages N1 to N3 are 
irnaged on light-receiving surfaces of the light-sensitive 
elernents 15d to 15f vary in two dimensions as shoWn in 
FIG. 6. 

[0046] In FIG. 6, for example, the light-receiving spot 
irnage N1 corresponds to an spot image which is formed by 
the fact that the re?ection-light P6‘ based on the irradiation 
light P8 re?ected by a plane-coordinate-position y3 as the 
irradiated detecting position of the surface S is imaged on 
the light-sensitive elernent 15d, Whereas the light-receiving 
spot irnage N2 corresponds to an spot image which is formed 
by the fact that the re?ection-light P7‘ based on the irradia 
tion light P7 re?ected by a plane-coordinate-position y4 as 
the irradiated detecting position of the surface S is imaged 
on the light-sensitive element 156. The light-receiving spot 
irnage N3 corresponds to an spot irnage formed by the fact 
that the re?ection-light P8‘ Which is based on the irradiation 
light P6 re?ected by a plane-coordinate-position y5 as the 
irradiated detecting position of the surface S is imaged on 
the light-sensitive element 15]”. 

[0047] On the contrary, in a case Where a surface of the 
Wafer 2 is uniformly deviated from the reference height 
position Z1 by the AZ as shoWn in FIG. 7A, the irradiation 
lights P6 to P8 are re?ected on the surface S‘ before the 
irradiation lights P6 to P8 are focused on the surface S at the 
reference height position Z1, and in such a case, the irradi 
ated detecting positions in plane-coordinate-systerns of the 
surface S‘ are also deviated uniforrnly from the irradiated 
detecting positions in plane-coordinate-systerns of the sur 
face S at the reference height position Z1 by Ay. 

[0048] Correspondingly, the re?ection lights P6‘ to P8‘ of 
the irradiation lights P6 to P8 are also received on the 
light-sensitive elements by deviating uniforrnly by the Ay in 
the same directions from the light-receiving reference posi 
tions Q2 to Q4 as shoWn in FIG. 7B, and hence, degrees of 
blur caused by the re?ection lights P6‘ to P8‘ may become 
the same, uniforrnly. 

[0049] In FIG. 7B, for example, a symbol N4 represents 
a spot image on the light-receiving surface of the light 
sensitive elernent 15d, a symbol N5 represents a spot image 
on the light-sensitive element 156, and a symbol N6 repre 
sents a spot image on the light-receiving surface of the 
light-sensitive element 15]”. 

[0050] In addition, as shoWn in FIG. 7B, for example, a 
symbol T1 represents distribution of amount of light of the 
spot irnage formed on the light-sensitive elernent 15d by the 
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re?ection light P6‘ When the surface S is at the reference 
height position Z1, a symbol T2 represents distribution of 
amount of light of the spot irnage formed on the light 
sensitive elernent 15e by the re?ection light P7‘ When the 
surface S is at the reference height position Z1, and a symbol 
T3 represents distribution of amount of light of the spot 
irnage formed on the light-sensitive elernent 15f by the 
re?ection light P8‘ When the surface S is at the reference 
height position Z1. 

[0051] Moreover, as shoWn in FIG. 7B, for example, a 
symbol T1‘ represents distribution of amount of light of the 
spot irnage formed on the light-sensitive elernent 15d by the 
re?ection light P6‘ When the surface S is at the position 
deviated from the reference height position Z1 in the height 
direction by AZ, a symbol T2‘ represents distribution of 
amount of light of the spot irnage formed on the light 
sensitive element 156 by the re?ection light P7‘ When the 
surface S is at the position deviated from the reference 
height position Z1 in the height direction by AZ, and a 
symbol T3‘ represents distribution of amount of light of the 
spot irnage formed on the light-sensitive elernent 15f by the 
re?ection light P8‘ When the surface S is at the position 
deviated from the reference height position Z1 in the height 
direction by AZ. 

[0052] Accordingly, FIG. 7B shoWs that the peaks of the 
light arnount distributions T1‘ to T3‘ are deviated in the same 
direction by same amount When the surface S is deviated 
from the reference height position Z1 in the height direction 
by AZ. 

[0053] On the other hand, When the surface S‘ of the Wafer 
2 is curved as shoWn in FIG. 8A, and hence, for example, 
When an amount of deviation AZ1 from the reference height 
position Z1 at an irradiated detecting position yX of the 
plane-coordinate-systerns of the surface S‘ is the largest, an 
amount of deviation AZ2 from the reference height position 
Z1 at the irradiated detecting position y3 of the plane 
coordinate-systerns of the surface S‘ is intermediate between 
the irradiated detecting position yX and an amount of devia 
tion AZ3 at the irradiated detecting position y5, and the 
amount of deviation AZ3 from the reference height position 
Z1 at the irradiated detecting position y5 is 0 (Zero), the 
re?ection light P8‘ of the irradiation light P6 re?ected from 
the irradiated detecting position y5 is received at the light 
receiving reference position Q4 of the light-sensitive ele 
rnent 15f With an in-focus state, Whereas the re?ection light 
P7‘ of the irradiation light P7 re?ected from the irradiated 
detecting position y3 is received at a position deviated from 
the light-receiving reference position Q3 of the light-sensi 
tive elernent 15e by AS2, Wherein the AS2 is proportional to 
the amount of deviation AZ2. Also, the re?ection light P7‘ of 
the irradiation light P7 re?ected from the irradiated detecting 
position y3 is imaged on the light-sensitive element 156 With 
an out-of-focus state. 

[0054] With regard to the re?ection light P6‘, the re?ection 
light P6‘ of the irradiation light P8 re?ected from the 
irradiated detecting position yX of the surface S is received 
at a position deviated from the light-receiving reference 
position Q2 of the light-sensitive elernent 15d by AS1, 
Wherein the AS1 is proportional to the amount of deviation 
AZ1. Also, the re?ection light P6‘ of the irradiation light P8 
re?ected from the irradiated detecting position yX is imaged 
on the light-sensitive elernent 15d With the out-of-focus state 
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as shown in FIG. 8B, and the degree of blur of focus on the 
light-sensitive element 15d is greater than that on the 
light-sensitive element 156. 

[0055] In FIG. 8B, for example, a symbol T1‘ represents 
distribution of amount of light of the spot image formed on 
the light-sensitive element 15d by the re?ection light P6‘ 
When the surface S is at the position deviated from the 
reference height position Z1 in the height direction by AZ1, 
a symbol T2‘ represents distribution of amount of light of the 
spot image formed on the light-sensitive element 156 by the 
re?ection light P7‘ When the surface S is at the position 
deviated from the reference height position Z1 in the height 
direction by AZ2, and a symbol T3‘ represents distribution of 
amount of light of the spot image formed on the light 
sensitive element 15f by the re?ection light P8‘ When the 
surface S is at the position deviated from the reference 
height position Z1 in the height direction by AZ3. 

[0056] Accordingly, When there is a curvature or a 
Warpage in the surface S but the surface S is smooth in terms 
of optics, an amount of deviation AS from a light-receiving 
reference position Q0 of each of the light-sensitive elements 
15d to 15f is proportional to the amount of deviation AZ 
from the reference height position Z1, and also, the direc 
tions of deviation from the light-receiving reference position 
Q0 are the same. On the other hand, When there is the 
irregularity R on the curvature or the Warpage in the surface 
S, the directions of deviation from the light-receiving ref 
erence position Q0 and the amounts of deviation are varied 
at random. 

[0057] Therefore, it is possible to analyZe and process 
information on height and information on coarse-surface, 
from patterns of the light amount distributions on the area 
sensors of the light-sensitive elements 15d to 15]”. 

[0058] As shoWn in FIG. 9, signals on the light-receiving 
outputted from each of the light-sensitive elements 15d to 
15f are inputted into a processing circuit as recording means 
(recording unit). The processing circuit comprises height 
position detecting circuit portions 16a to 16c, analog/digital 
converting circuit portions 17a to 17c, buffer memory por 
tions 18a to 18c, and an arithmetic circuit portion 19. 

[0059] The light-receiving signals outputted from each of 
the light-sensitive elements 15d to 15f are inputted to the 
height position detecting circuit portions 16a to 16c. The 
height position detecting circuit portions 16a to 16c output 
analog information on X-direction and analog information 
on Y-direction relative to the light-receiving reference posi 
tion Q0 based on each of the inputted light-receiving signals. 
The analog/digital converting circuit portions 17a to 17c 
convert the X-direction analog information and the Y-direc 
tion analog information into digital, and output the digi 
taliZed X-direction information and the Y-direction infor 
mation to the buffer memory portions 18a to 18c as digital 
signals. The digitaliZed X-direction information and the 
Y-direction information are inputted to the arithmetic circuit 
portion 19 through the buffer memory portions 18a to 18c. 

[0060] Since the area sensor is used for each of the 
light-sensitive elements 15d to 15f, it is possible to obtain 
three-dimensional light amount distribution information of 
the surface of the Wafer 2. The light amount distribution 
information of each of the area sensors are inputted into the 
arithmetic circuit portion 19. Therefore, information regard 
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ing the degrees of blur (the coarse surface information) and 
peak information of the re?ection lights P6‘ to P8‘ of the 
irradiation lights P6 to P8 re?ected from the surface S of the 
Wafer 2 are obtained. 

[0061] In addition, encorder signals EN are inputted into 
the arithmetic circuit portion 19. A not-shoWn encorder 
outputs the encorder signals EN based on clock-pulse num 
bers according to a reference position of starting measure 
ment of the Wafer 2. The encorder signals EN are outputted 
at even intervals in time-series. Because the Wafer 2 is 
rotated and is also delivered in a radial direction by the 
relative displacement means, the plane-coordinate-positions 
of the surface S as the detecting positions are decided in 
spirals based on the encorder signals EN. 

[0062] The arithmetic circuit portion 19 correlates the 
plane-coordinate-positions to height information Z (the 
amount of deviation AZ from the reference height position 
Z1) and the coarse surface information in the detecting 
positions, and alloWs a memory portion 20 to store the 
height information Z and the coarse surface information. 

[0063] Light-receiving signals of the photoelectric con 
version elements 13a and 14a are inputted into an ampli? 
cation circuit portion (AMP circuit portion) 21. Ampli?ed 
signals of the ampli?cation circuit portion 21 are converted 
from analog to digital (A/D conversion) by an analog/digital 
converting circuit portion 22, and the digitaliZed ampli?ed 
signals are inputted into a peak detecting circuit 23 as digital 
signals. 
[0064] Not only the A/D converted digital signals but also 
the encorder signals EN are inputted into the peak detecting 
circuit 23. The peak detecting circuit 23 correlates a peak 
position to plane-coordinate-position information based on 
the encorder signals EN, and outputs the correlated peak 
position to a calculation/synchroniZation circuit portion 24 
as processing means (processor). The calculation/synchro 
niZation circuit portion 24 outputs a result of calculation to 
a memory portion 25 Where peak position information for 
each of the irradiated detecting positions of the surface S are 
stored. 

[0065] The calculation/synchroniZation circuit portion 24 
sends and receives information betWeen the memory portion 
25 and the arithmetic circuit portion 19, to correct the 
plane-coordinate-positions stored in the memory portion 25 
based on the plane-coordinate-position information stored in 
the memory portion 25, the height information Z (the 
amount of deviation AZ), information on the plane-coordi 
nate-positions and the coarse surface information Which are 
stored in memory portion 20. AWell-knoWn formula may be 
used to correct the plane-coordinate positions, such as the 
formula described in the foregoing. 

[0066] Then, the calculation/synchroniZation circuit por 
tion 24 displays detected positions of the foreign substance 
(?aW) 10 on a display portion 26 based on the corrected 
plane-coordinate-positions and the peak position informa 
tion according to a result of correction. 

[0067] Therefore, according to the embodiment of the 
present invention, because it is possible to analyZe and 
process the amount of deviation from the reference height 
position Z1 of the irradiated detecting positions even When 
the surface S of the Wafer 2 is coarse, it is possible to reduce 
the time and labor in obtaining accuracy of adjustment of a 
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stage structuring a part of the relative displacement means 
and on Which the Wafer 2 is mounted. 

[0068] Also, according to the embodiment of the present 
invention, since the re?ection lights P6‘ to P8‘ disappear 
sequentially in an edge or a curb of the Wafer 2, it is possible 
to measure the Wafer 2 until its edge or the curb. In addition, 
it is also possible to specify positions of an orientation ?at 
2A and a notch 2B (Which are shoWn in FIG. 4) of the Wafer 
2 from a relation betWeen the disappearance of the re?ection 
lights P6‘ to P8‘ and the plane-coordinate positions. 

[0069] Therefore, according to the surface inspection 
apparatus of the present invention, it is possible to distin 
guish Whether or not the irradiated detecting position for the 
foreign substance or the ?aW or the like existing on the 
surface of the inspecting object is deviated from the refer 
ence height even When the surface of the inspecting object 
is coarse and even if there is a distortion in the surface, and 
also, it is possible to detect the amount of deviation from the 
reference height position even When the surface of the 
inspecting object is coarse by removing an in?uence of such 
coarseness. Therefore, even When the surface of the inspect 
ing object is coarse, it is possible to remove the in?uence of 
the coarseness of the surface, and to obtain the plane 
coordinate position as the detecting position of the foreign 
substance (?aW) accurately by correcting the plane-coordi 
nate position. 

[0070] FIGS. 10A to 10C are explanatory diagrams for 
explaining another embodiment of the surface inspection 
apparatus according to the present invention. In the present 
embodiment, multiple beams including 10 (ten) spots M1 to 
M10 each having a same spot diameter With respect to each 
other are con?gured to be irradiated on the surface S of the 
Wafer 2 as shoWn in FIG. 10A. 

[0071] The multiple beams are irradiated on the surface S 
in such a manner that the neighboring spots among the spots 
M1 to M10 of the multiple beams are overlapped partially to 
each other. AsiZe of the spot diameter is, for example but not 
limited to, approximately 10 to 20 micrometers, and thus 
length of alignment of the multiple beams from one end to 
the other end is, for example but not limited to, 100 
micrometers. 

[0072] When such multiple beams are irradiated on the 
surface S of the Wafer 2, it is possible to detect a surface 
distortion D on the Wafer 2 having a scale of loWer than 100 
micrometers, as shoWn in FIGS. 10B and 10C. 

[0073] The surface distortion D occurs When the Wafer 2 
is rotated at high speed. Historically, the surface distortion D 
has been disregarded in a conventional surface inspection, 
since the surface distortion D is microscopic as compared 
With the Warpage that normally occurs With a scale of more 
than 100 micrometers and thus it is not so in?uential. 

[0074] HoWever, high-resolution performance for detect 
ing even more microscopic foreign substance, thinning in 
the Wafer 2, and even higher speed for rotating the Wafer 2 
to realiZe high throughput, are called for in recent years. 
Accordingly, a microscopic surface distortion D caused by 
a stationary Wave vibration or a bias in a torque due to the 
high rotation of the Wafer 2 is expected to become actual. 

[0075] Therefore, by con?guring an analysis/process pro 
gram in the recording unit/processor to be able to detect the 
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surface distortion D, it is possible to analyZe information on 
state of the surface S (state information) including not only 
the coarse surface information but also surface distortion 
information. Accordingly, it is possible to carry out a surface 
inspection With higher accuracy. 

[0076] As Well as in this embodiment, it is possible to 
distinguish Whether or not the irradiated detecting position 
for the foreign substance or the ?aW or the like existing on 
the surface of the inspecting object is deviated from the 
reference height even When the surface of the inspecting 
object is coarse and even if there is the distortion in the 
surface, and also, it is possible to detect the amount of 
deviation from the reference height position even When the 
surface of the inspecting object is coarse by removing an 
in?uence of such coarseness. Therefore, even When the 
surface of the inspecting object is coarse, it is possible to 
remove the in?uence of the coarseness of the surface, and to 
obtain the plane-coordinate position as the detecting position 
of the foreign substance (?aW) accurately by correcting the 
plane-coordinate position. 
[0077] Although the present invention has been described 
in terms of exemplary embodiments, it is not limited thereto. 
Rather, the appended claims should be construed broadly to 
include other variants and embodiments of the invention 
Which may be made by those skilled in the ?eld of this art 
Without departing from the scope and range of equivalents of 
the invention. 

What is claimed is: 
1. A surface inspection apparatus, comprising: 

an optical system including an irradiation optical unit and 
a light-receiving optical unit; said irradiation optical 
unit being adapted for irradiating irradiation light emit 
ted from a light source onto a surface of an object to be 
inspected and said light-receiving optical unit being 
adapted for receiving scattered light of the irradiation 
light re?ected from the surface of said object; 

a displacement mechanism for displacing a position to be 
irradiated and detected by said optical system on the 
surface of said object relative to said optical system; 

a recording unit for detecting a state of the surface of said 
object based on a result of light-receiving of said 
optical system and recording the irradiated and detected 
position on the surface of said object as a plane 
coordinate-position; 

a detector for detecting an amount of deviation of said 
plane-coordinate-position in a height direction relative 
to a reference height position; and 

a processor for correcting the plane-coordinate-position 
as said irradiated and detected position based on the 
deviation amount detected by said detector and thereby 
obtaining said plane-coordinate-position, Wherein 

said irradiation optical unit comprises a multibeam irra 
diation optical unit for converging and irradiating mul 
tiple beams of Which optical axes of irradiation are 
mutually parallel upon the surface of said object; 

said detector comprises a light-condensing optical unit 
including light-sensitive elements Which have mutually 
parallel light-receiving axes and Which are adapted for 
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respectively receiving said multiple beams re?ected by 
the surface of said object; and 

said processor analyzes information on said state of the 
surface based on the results of receiving of said mul 
tiple beams, and obtains the plane-coordinate-position 
of said irradiated and detected position at the reference 
height position based on a difference betWeen light 
receiving reference positions of each of said light 
sensitive elements When assumed that the irradiated 
and detected position of said object is at the reference 
height position and actual light-receiving positions of 
each of said light-sensitive elements, according to a 
result of the analysis of the surface state information. 

2. The surface inspection apparatus according to claim 1, 
Wherein said displacement mechanism comprises a rota 
tional driving mechanism for rotating said object and a 
linear movement mechanism for linearly moving said object 
in a radial direction of the object, said irradiation optical 
aXes are aligned in parallel in said radial direction of the 
object, and said light-receiving aXes of said light-sensitive 
elements are aligned symmetrical to said irradiation optical 
aXes in such a manner as to sandWich center of rotation of 

said object. 
3. The surface inspection apparatus according to claim 1, 

Wherein each of said light-sensitive elements is structured by 
an area sensor. 
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4. The surface inspection apparatus according to claim 2, 
Wherein each of said light-sensitive elements is structured by 
an area sensor. 

5. The surface inspection apparatus according to claim 1, 
Wherein said surface state information is information on 
coarse surface of said object or information on a surface 
distortion of said object. 

6. The surface inspection apparatus according to claim 2, 
Wherein said surface state information is information on 
coarse surface of said object or information on a surface 
distortion of said object. 

7. The surface inspection apparatus according to claim 1, 
further comprising a display, Wherein said processor dis 
plays a position at Which a foreign substance and/or ?aW is 
detected on the surface of the object on said display, based 
on the corrected plane-coordinate-position according to a 
result of correction. 

8. The surface inspection apparatus according to claim 1, 
Wherein said multiple beams including a plurality of spots 
each having a same diameter of approximately 10 to 20 
micrometers to each other are irradiated on the surface of the 
object in such a manner that neighboring spots of said 
plurality of spots are partially overlapped to each other, and 
length of alignment of said multiple beams from one end to 
the other end are approximately 100 micrometers or less. 

* * * * * 


